The morphologies and elemental components of the films were inspected by Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray Diffraction (EDX). The stability of nickel oxide in the films was found to be enhanced against acidic environments. Electrochemical catalytic behavior of NiO x within the composite film was conserved and demonstrated by catalytic oxidation of methanol and ethanol.
INTRODUCTION
Organic-inorganic composites have attracted considerable attention as they can combine the advantages of both components and may offer special properties through reinforcing or modifying each other [1] . Polyaniline (PAni) has been the subject of many studies due to its oxygen and moisture-stability and potential applications in many fields [2] . PAni can also provide good network for inorganic components and modify properties and stability of the latter [3] . Nickel oxide has received considerable attention due to potential applications in many fields such as electrochromics, electrocatalysis, supercapacitor etc [47] . Chemically synthesised PAni and NiO composite by Song and coworkers produced PAni / NiO nanoparticle, nanobelt, and nanotube in the presence of sodium dodecylbenzenesulfonate (SDBS).
The composite materials showed improved conductivity and thermostability [810].
Electro-co-deposition is an effective way to make composite films with a large variety of tunable parameters and so has the advantage of convenient film control.
Generally, PAni is synthesized by anodic polymerization of aniline in acidic aqueous solution [2] . Thus the electrochemical synthesis of organic-inorganic composites based on PAni and metal oxides are mostly conducted by selecting oxides which can be electrodeposited in low pH media [3, 1113] . However, most oxides can only be electrodeposited from high pH media, which limits the formation of such PAni composites. Recently, we have demonstrated that it is feasible to form electroactive PAni in aqueous solutions of pH 2 to 12 [14] . PAni-SiO 2 and PAni-MnO x composites 3 were hence obtained [15, 16] . Nickel oxide was reported to be electrodeposited either at a fixed potential between 0.7 and 1.2 V or by dynamic potential cycling in the potential range of 0  1.2 V vs. SCE from Ni 2+ in neutral to weak basic solutions [1722] . It is therefore likely that PAni and nickel oxide can be co-deposited to form an organic-inorganic composite film. In this paper, we report the electro-co-deposition of NiO x and PAni and the electrochemical activities of the obtained composite film through cyclic voltammetry. The morphologies and elemental components of the film were inspected by Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray Diffraction (EDX), respectively. Film stability in acidic condition was investigated and the electrocatalytic property of the composite film was demonstrated. 4 
EXPERIMENTAL

Materials
Aniline was distilled under vacuum before use. Other chemicals were of analytical grade and used as received. Electrochemical depositions were performed on electrochemical analyzer system, CHI 660B, on carbon cloth, using platinum plate and SCE as counter and reference electrode, respectively.
Synthesis of PAni-NiOx composite film
Prior to electrodeposition, the carbon cloth was cleaned by acetone followed by CV scans obtained during the deposition process. An oxidation peak appeared at ca.
1.1 V initially, which increased in height with progressive scans and gradually shifted to ca. 1.2 V. Simultaneously, there was also a distinct reduction peak started at 0.65 V which increased in current density with successive scans and shifted down to 0.5 V.
The anodic electrochemical reactions are more complex but can be summarized as follows [25] :
Whereas the reduction reaction observed can be simplified as:
Equations 3-5 suggest that the product obtained was a mixture of NiO 2 and NiO-OH.
Both pure and composite films displayed characteristic NiO x electroactivities as previously reported for nickel oxides [57, 18] suggesting successful electro-codeposition of PAni and NiO x from a single solution. Comparing the oxidation current densities from the two separate deposition processes that produced the composite film and the NiO x film, it was expected that there were much less NiO x deposited into the composite film. This is confirmed by the CV scans of the two materials presented in Figure 3 that shows, according the current density observed, the composite film is estimated to contain less than a tenth of NiO x compared to the pure NiO x membrane.
However, this estimation can only be used as a general indication because the electron transfer efficiencies and inherent electrical resistance between the pure and composite films are expected to be quite different. Results show that significant electro-activity could be detected for PAni-NiO x composite films at low pHs as detailed in Figure 8 . The data showed that above pH 2.5 the composite film remained electrochemically active and was relatively stable;
whereas the pure NiO x film was only stablised above pH 3.5. It was demonstrated that this simple technique for immobilization of nickel oxide into PAni matrix has resulted in a more stable material.
Catalytic properties
It is known that nickel oxide is an electrocatalyst for hydroxylated organic compounds 10 [5, 6, 27, 28] . It is envisaged that this composite material may retain and enhance the catalytic properties of the nickel oxide through fine dispersion of the catalyst particles into the conductive PAni matrix to result in a drastic increase in surface area.
Additionally, the conductive PAni matrix, being closely associated to the nickel oxide catalyst as a result of co-deposited film, is expected to facilitate electron transfer during the electrocatalytic reaction. These effects were demonstrated in the catalytic oxidation of alcohols in alkaline media. Scheme 1 Electro-polymerization of aniline showing protons being generated during the anodic oxidation process.
